Introduction {#sec1-1}
============

Glomerular disease (GD) is one of the most common forms of renal diseases and can have many different clinical presentations. It can present as nephrotic syndrome (NS), nephritic syndrome, rapidly progressive renal failure (RPRF), acute kidney injury (AKI), chronic kidney disease (CKD), macroscopic hematuria (MH), recurrent disease in the posttransplant kidney, as well as isolated proteinuria or hematuria.\[[@ref1]\] In any case, a kidney biopsy is needed for the correct characterization of various types of GD.

Biopsy registries as it can give an idea of the regional variations in the spectrum of GD as well as the trend over time. In one of the largest reports of 6469 biopsies with GD from the University of North Carolina, focal segmental glomerulosclerosis (FSGS) was the most common GD (14.22%) followed by membranous nephropathy (MN) (13.09%).\[[@ref2]\] However, there is a variation in the prevalence of the type of GD according to geographical location and race of the study population. IgA nephropathy (IgAN) is the common primary GD is studies from East Asia,\[[@ref3]--[@ref5]\] as well as in white Europeans and Americans.\[[@ref6]--[@ref10]\] In contrast, FSGS is the most common GD among African-Americans, South Americans, and in the Middle East.\[[@ref11]--[@ref13]\]

The change in the spectrum of GD over the last few decades has been demonstrated in many studies worldwide, with most showing a trend toward increase in FSGS cases.\[[@ref3][@ref6][@ref7][@ref11][@ref12]\] There are a limited number of studies from India and most of them are from Southern and Northern Indian centers.\[[@ref13]--[@ref16]\] These studies also demonstrate a trend toward increase in the incidence of FSGS\[[@ref14]--[@ref16]\] and a decrease in membranoproliferative glomerulonephritis (MPGN).\[[@ref16]\] The incidence of non-IgA mesangial proliferative GN (MesPGN) was also quite high (20.2%) in one of these studies.\[[@ref16]\]

Thus, there is a great variation in the presentation of GD across the globe and the disease spectrum has also been changing over the last few decades. In light of the paucity of data from Eastern India, we studied the prevalence of GD in a large tertiary care referral center in East India.

Materials and Methods {#sec1-2}
=====================

All the kidney biopsies that were performed in our institute over a period of 2 years from July 2010 to July 2012 were retrospectively analyzed. The clinical records of these patients were reviewed and their clinical diagnoses at presentation ascertained. Standard definitions were used for classifying the clinical syndromes.\[[@ref17]\] Patients were classified into six categories: NS, acute nephritic syndrome (ANS)/AKI, RPRF/rapidly progressive glomerulonephritis (RPGN), MH, asymptomatic urinary abnormalities (AUA), and CKD. Patients with CKD were biopsied only if they did not have diabetes mellitus as the underlying cause, or if they were being worked up for a renal transplantation and had active urinary sediments with normal sized kidneys on ultrasonography (USG). All the baseline clinical details along with the relevant laboratory investigations were recorded. Majority of the patients had been worked up for secondary etiologies depending on the glomerular histology.

All biopsies were performed under real-time USG guidance using the Bard^®^ Max-Core^®^ Disposable Core Biopsy Instrument (Bard Biopsy Systems, USA). A 16 G × 16 cm size instrument was used for adults ≥ 18 years old, and a smaller 18 G × 16 cm instrument was used for those \< 18 years of age. At least two cores were obtained and samples sent for light microscopy (LM) and immunofluorescence (IF) microscopy in all cases and for electron microscopy (EM) in select cases or where it could be afforded by the patient. LM was carried out using H and E, periodic acid-Schiff, Jones silver, and Trichrome stains. Additional special stains were used whenever indicated. IF staining was performed on 3-μm cryostat sections using polyclonal fluorescein isothiocyanate-conjugated (FITC) antibodies to IgG, IgM, IgA, C3, C1q, and kappa and lambda light chains (DakoCytomation, Denmark). The intensity of IF staining was graded on a scale of 0 to 3+. All renal biopsy examinations were confirmed by the same pathologist (A. Abraham.). If a biopsy sample was inadequate for diagnosis, a second biopsy was also performed, if exact diagnosis would have a significant bearing on the therapy and if the patients gave consent for a re-biopsy.

Glomerular pathologies were classified into the following: (a) Primary glomerular diseases (PGD); major ones being IgAN, FSGS, MN, MCD, MPGN, postinfectious glomerulonephritis (PIGN), MesPGN, crescentic glomerulonephritis (CresGN), and other rare ones such as thin basement membrane disease (TBMD), idiopathic nodular glomerulosclerosis, and C1q nephropathy. (b) Secondary glomerular diseases (SGD) which included lupus nephritis (LN), glomerulonephritis related to hepatitis B or C, systemic vasculitides, Henoch-Schönlein purpura, diabetic nephropathy, amyloidosis, light chain deposition disease (LCDD), Alport's syndrome, and vascular nephropathies including benign and malignant nephrosclerosis and thrombotic microangiopathies. Patients with evidence of chronic glomerulosclerosis were also classified into PGD or SGD depending on the findings on histology. Interstitial fibrosis (IF) and tubular atrophy (TA) were graded as mild (\<25%), moderate (25-50%), and severe (\>50%) on LM.

Descriptive statistics was used and results were expressed as frequencies, percentages, and mean ± SD Spearman's rank order correlation was used to determine the correlation between various serum creatinine categories (\<1 mg/dL, 1-1.4 mg/dL, 1.5-3 mg/dL, and ≥ 3 mg/dL) and the extent of IF/TA (none, mild, moderate, and severe). Those with a clinical diagnosis of RPRF/RPGN and ANS/AKI were excluded from the correlation analysis. *P* value of \< 0.05 was considered significant. Statistical analysis was carried out using IBM compatible SPSS for Windows ver. 10 (SPSS, Chicago, IL, USA).

Results {#sec1-3}
=======

A total of 666 biopsy-proven GD were recorded over the period of study. LM and IF were performed in all biopsies and the average glomerular yield was adequate (28.84 ± 14.62 glomeruli). EM was performed only in 6.9% of biopsies. The average age of the patients was 28 ± 14.62 years and Male: Female ratio was 1.05 (341 males: 325 females). The contribution of the various glomerular syndromes to the performance of kidney biopsy is presented in [Figure 1](#F1){ref-type="fig"}. The demographic and baseline characteristics of each of these glomerular syndromes are described in [Table 1](#T1){ref-type="table"} and the various types of histology seen in each syndrome are presented in [Table 2](#T2){ref-type="table"}.
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###### 

Baseline characteristics of patients in each clinical syndrome (*N*=666)
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###### 

Spectrum of various glomerular histologies in each clinical syndrome
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The most common GD presenting as NS was MCD (32.46%), and the other common ones being FSGS (25.12%), MN (16.09%), and IgAN (6.09%). LN was seen in 7.80% (n = 32) of NS and 43.75% of these were either pure class V LN or class V overlap with other LN classes. The most common etiology of RPRF/RPGN was LN seen in 33.85% (*n* = 44) of cases, 84.09% of them being class IV LN. The other common GD presenting as RPRF/RPGN was CresGN (26.15%, *n* = 34), of which 26 were pauci-immune CresGN (7 of them being anti-neutrophil cytoplasmic antibody (ANCA) associated), 7 were immune complex CresGN, and two were anti-glomerular basement membrane (GBM) disease. PIGN was the most common cause of ANS (37.5%, *n* = 15) \[[Table 2](#T2){ref-type="table"}\].

There was a slight male predominance except in the case of RPRF/RPGN and ANS/AKI which could be due to the greater contribution of LN to these syndromes. LN, MPGN, and CresGN were seen predominantly in female patients with a female-to-male ratio of 4.67:1, 1.5:1, and 1.38:1, respectively. IgAN, FSGS, MCD, and MN were seen more in male patients with a male-to-female ratio of 2.73:1, 2:1, 1.44:1, and 1.16:1, respectively \[[Table 3](#T3){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\].

###### 

Glomerular disease spectrum according to gender
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![Gender-specific distribution of common glomerular disease](IJN-23-168-g005){#F2}

Overall, the most common GD was MCD (20.12%, *n* = 134). Of the total 666 cases, PGD was seen in 527 (79.13%) biopsies and the most common PGD was again MCD (25.42%, *n* = 134) closely followed by FSGS (22.58%, *n* = 119). SGD was seen in 135 (20.87%) biopsies and LN was seen in majority of the cases (73.38%, *n* = 102). The spectrum of GD along with the PGD and SGD is presented in [Figure 3](#F3){ref-type="fig"} and [Table 4](#T4){ref-type="table"}.
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###### 

Frequencies of primary and secondary glomerular diseases
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The GDs were also studied based on the serum creatinine values. They were divided into three groups of serum creatinine: \<1.5 mg/dL, 1.5--3 mg/dL, and ≥ 3 mg/dL \[[Table 5](#T5){ref-type="table"}\]. GDs were also classified according to the age of presentation (\<12 years, 12--17 years, 18--59 years, and ≥ 60 years \[[Table 6](#T6){ref-type="table"}\]). MCD was the most common GD in the age groups of \< 12 and 12--17 years, whereas LN followed by FSGS was the most common GD in adults in age group 18--59 years. However, FSGS was the commonest PGD in adults and MN was the commonest GD in the elderly patients. In all, 49.25% of MCD was seen in patients \< 18 years of age, whereas adults (18--59 years) contributed to 48.51% of MCD. There were two cases of MCD in the elderly patients and both of them had presented with raised serum creatinine levels and had evidence of acute tubular injury on biopsy. All the other GDs were most commonly seen in adults.

###### 

Spectrum of glomerular diseases and distribution in various serum creatinine levels
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###### 

Glomerular disease spectrum according to the age of presentation
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There were 112 biopsies showing crescents on LM. The diseases that had shown these crescents were CresGN (*n* = 40, 35.71%), LN (*n* = 35, 31.25%), PIGN (*n* = 11, 9.82%), IgAN (*n* = 10, 8.92%), MPGN (*n* = 6, 5.36%), and MN (*n* = 5, 4.46%). There were also three cases with advanced renal disease showing fibrous crescents. As expected, the disease with the severest changes was CresGN, with an average of 75.38 ± 25.66% crescents on biopsy. A total of 120 biopsies showed a FSGS pattern of histology and the most common type was the not otherwise specified (NOS) seen in 90 (80%) cases, followed by tip lesion in 13 (10.83%), perihilar in 7 (5.83%), and collapsing and cellular variants in 2 (1.67%) cases each. Both cases of FSGS collapsing variant were seen in kidney transplant recipients, presenting as NS.

A Spearman's rank order correlation was run to determine the relationship between serum creatinine categories and the presence of TA and IF, categorized into none, mild, moderate, and severe as defined. There was a positive correlation between serum creatinine and the extent of IF/TA, which was statistically significant (ρ =0.542, *P* = 0.001).

Discussion {#sec1-4}
==========

This study is a single-center experience in India and is restricted to the last 2 years only and is the latest data of GD from the subcontinent. We were unable to analyze the data for the period before this due to inadequate data and poor standardization of the biopsy reporting. Another shortcoming of our study is the inability to perform EM in all cases which would have helped in better diagnosis. However, we feel that a relatively accurate diagnosis could be achieved in a majority of cases.

There are regional variations as well as change in the spectrum of presentation of GD over time as is seen in registry data from various parts of the world. Although a national biopsy registry is not existent in India and the neighboring countries, there are some published data. [Table 7](#T7){ref-type="table"} summarizes data from India and the neighboring countries. As is clear from this table, even among studies originating from the regional centers, there is a variation in presentation of various GDs.

###### 

Comparison of our study with biopsy-proven glomerular disease spectrum seen inother centers in India and neighboring countries\*

![](IJN-23-168-g010)

The main indication of a kidney biopsy for GD was NS in our study, which was seen in 61.56% of the patients. However, as we had included only cases with glomerular involvement in this study, the actual contribution of NS in the total number of kidney biopsies would be lower and would be comparable to other studies where the contribution of NS to kidney biopsies ranged from 34% to 60%.\[[@ref3][@ref9][@ref12][@ref14][@ref15][@ref18]--[@ref21]\] AUA contributed to only 7.8% of biopsies in our study, which similar to that in the studies published from India but is much less compared to that in the studies from other parts of the world. This could be due to the local practice of routine screening or greater acceptance of performance of renal biopsies for evaluation of AUA.

The incidence of MesPGN is much lower in our data (0.6%) compared to that in the other regional studies.\[[@ref14]--[@ref16]\] One reason of this could be the fact that these studies include older data. Improvement in IF technique, reporting, and interpretation over the last decade could have led to lesser diagnosis of non-IgA MesPGN. Even in the comparative analysis among biopsies performed in the same center over a period of time, one of the studies showed a decline in the prevalence of MesPGN.\[[@ref15]\] This decline over time was also seen in studies from other parts of the world.\[[@ref3][@ref9]\] This was, however, not seen in another study from South India.\[[@ref14]\] Another reason for this decline could be that many of the older studies did not evaluate all biopsies with IF compared to the universal use of IF in all biopsies that are currently performed.\[[@ref21][@ref22]\]

The most common etiology of GD in our study across all ages was MCD (20%) and it remained to be the most common cause of PGD as well (25.42%). However, FSGS was the most common PGD in adults (≥18 years) and MN was most common in the elderly patients (≥60 years). Das *et al*., from India also showed that MCD was the most common PGD across all ages including adults.\[[@ref14]\] MCD was also the commonest GD in a study from North India.\[[@ref23]\] But in another study from South India, Balakrishnan *et al*., showed that FSGS is the most common GD among the adults.\[[@ref15]\] The most prevalent form of GD varies across the world, with IgAN being the most common form in some and FSGS being common in some, as already described. It should also be noted that in the two large series from India, the trend was toward an increase in the prevalence of FSGS.\[[@ref14][@ref15]\]

FSGS-NOS was the most common FSGS variant in our study (80%), followed by tip lesion in 10.83%, perihilar in 5.83%, and collapsing and cellular variants in 1.67% each. A similar spectrum was reported in a study of 210 biopsies of FSGS from India, where the NOS variant was seen in 72.5%, and tip lesion, cellular, perihilar, and collapsing variants were seen in 13.5%, 8%, 4%, and 2%, respectively.\[[@ref23]\] The spectrum of FSGS is different in studies from other countries, with the NOS variant still being the commonest but much lesser than that seen in the Indian studies.\[[@ref24]--[@ref27]\] In these studies, the other variants also differ depending on the racial contribution and patient selection.

In our study, IgAN was seen only in 8.11% of all cases. IgAN was reported in 5.02%\[[@ref14]\] and 9.13%\[[@ref15]\] from two other studies from South India. The prevalence of IgAN seems to be much lower in data originating from North India and the neighboring countries of Pakistan and Nepal.\[[@ref13][@ref18][@ref28][@ref29]\] This could be due to factors such as the different racial stock of population residing in these parts or simply due to technical reasons. Across the globe IgAN is seen quite frequently, being the most common form of GD in studies originating from East Asia,\[[@ref3]--[@ref5]\] as well as in white Europeans and Americans.\[[@ref6]--[@ref10]\] The greater prevalence of IgAN in the developed countries could be due to greater population screening and the following biopsy in patients with AUA. However, even in the large report from China where such screening program was not undertaken, IgAN was the most prevalent PGD being present in 54.3% of all cases, and it remained the commonest form of PGD across all ages except in those ≥ 60 years old.\[[@ref4]\] This could again very well be due to racial factors as the indications for renal biopsy was similar in studies where IgAN was very prevalent and in those where the prevalence was lesser.

LN was the most common SGD in our study seen in 73.38% and it is uniformly the commonest cause of SGD worldwide. Amyloidosis was seen in 8 (1.2%) cases, 5 of them were secondary amyloidosis and 3 were amyloid light-chain (AL)-amyloidosis presenting as LCDD. This is comparable to other studies from other Indian centers.\[[@ref13]--[@ref15]\] This prevalence is lower than that seen in studies from other countries where amyloidosis contributed to 2.5--3% of cases.\[[@ref7][@ref9][@ref30]\] In contrast, there was a high prevalence (4.6% of all GD) of amyloidosis (mostly secondary) in the study from Pakistan.\[[@ref18]\] This was attributed by the authors to the high endemicity of tuberculosis in their study population. The low prevalence of amyloidosis in our study as well as in studies from other centers in India could represent a regional trend or could be a referral bias wherein timely evaluation for renal disease in patients with other chronic illnesses and referral to higher centers were not carried out by primary care physicians.

Conclusion {#sec1-5}
==========

It seems that FSGS is fast becoming the most common GD, especially among adults in the Indian population, and there is also a decline in the incidence of IgA-negative MesPGN. IgAN is not very prevalent in the Indian population compared to other parts of the World and is still less prevalent in Northern India. It is also to be noted that although EM was performed in only 6.9% of biopsies, we had one case of TBMD and Alport's syndrome each. Thus widespread use of EM in all biopsies will go a long way in detecting rarer forms of GD; but for the meantime, a large proportion of centers have to manage without it. As India is a racially heterogenous country, a national biopsy registry data should be established to address these regional differences in the spectrum of GD.
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